This paper deals with the theoretical investigation of the effect of Hall currents
Introduction
Ferrohydrodynamics deals with the mechanics of fluid motions influenced by strong forces of magnetic polarization. Ferrohydrodynamics concerns usually non-conducting liquids with magnetic properties and constitutes an entire field of physics close to magnetohydrodynamics but still different. The polarization force and the body couple are the two main features that distinguish ferromagnetic fluid from ordinary fluid. Ferromagnetic fluids are electrically non conducting colloidal suspensions of solid ferromagnetic particles in a non-electrically conducting carrier fluid like water, kerosene, hydrocarbon etc. These fluids behave as a homogeneous continuum and exhibit a variety of interesting phenomena. Ferromagnetic fluids are not found in nature but are artificially synthesized.
Soon after the method of formation of ferromagnetic fluids in the early or mid 1960s, the ____________________ 3 motion is replaced by the resistance term  q
, where q  is the filter velocity of the fluid. The thermoconvective instability in a ferromagnetic fluid saturating a porous medium of very large permeability subjected to a vertical magnetic field has been studied using the Brinkman model by Vaidyanathan et.al. [21] and indicated that only stationary convection can exist.
In the presence of strong electric field, the electric conductivity is affected by the magnetic field. Consequently, the conductivity parallel to the electric field is reduced. Hence, the current is reduced in the direction normal to both electric and magnetic field. This phenomenon in the literature is known as 'Hall Effect'. The Hall current is likely to be important in flows of laboratory plasmas as well as in many geophysical and astrophysical situations. The effect of Hall current on thermal instability has also been studied by several authors, e.g., Raghavachar and Gothandaraman [22] , Sharma and Gupta [23] , Gupta [24] , Sharma et.al. [25] , Sunil et.al. [26] , Gupta and Aggarwal [27] , Gupta et. al. [28] .
In the present problem, we have studied the effect of Hall current on thermal stability of ferromagnetic fluid heated from below in porous medium in the presence of horizontal magnetic field. Here, we have extended the results reported by Kumar, Singh and Lal [29] to include the effect of Hall currents for ferromagnetic fluids in porous medium.
Mathematical formulation of the problem
Consider an infinite, incompressible, electrically non-conducting thin ferromagnetic fluid, bounded by the planes , and
as shown in fig.1 . This layer is heated from below so that the uniform temperature gradient 
Figure 1. Geometrical Configuration
Ferromagnetic fluids respond so rapidly to a magnetic torque that we can assume the following conditions to hold 0
z-axis x-axis z =0
Heated from below y-axis
where M  is the magnetization and H  is the magnetic field intensity. In addition to the above equation, the ferromagnetic fluids also satisfy Maxwell's equations. Assuming the fluid is electrically nonconducting and that the displacement current is negligible, Maxwell's equations become
In Chu formulation of electrodynamics (Penfield and Haus [30] ), the magnetic field, magnetization and magnetic induction are related by
We assume that the magnetization is aligned with the magnetic field, but allow a dependence on the magnitude of the magnetic field and temperature so that
denote, respectively, the fluid pressure, density, temperature, thermal coefficient of expansion, gravitational acceleration, resistivity, magnetic permeability, electron number density, charge of an electron and fluid (filter) velocity. The equations expressing the conservation of momentum, mass, temperature and equation of state of ferromagnetic fluids through porous medium are
where the suffix zero refers to the values at the reference level 0  z and in writing eq. (5) use has been made of the Boussinesq approximation which states that the density variations are ignored in all terms in the equation except the external force term. The magnetic permeability 
The perturbation equation
Then the linearized perturbation equations for ferromagnetic fluids under Boussinesq approximation are
Writing the scalar components of eq. (15) and eliminating
between them by using eqs. (16) and (19), we obtain 
Normal mode analysis
Analyzing the disturbances into normal modes, we assume that perturbation quantities are of the form 
Using eq. (25), eqs. (20) - (24) in non-dimensional form become / d k P  is the dimensionless medium permeability. Stars (*) have been omitted hereafter, for convenience.
Exact solution for free boundaries
Here we consider the case where both boundaries are free as well as being perfect conductors of heat, while the adjoining medium is perfectly conducting. The appropriate boundary conditions for the problem are [Chandrasekhar [8] 
on a perfectly conducting boundary (31)
and Z from eqs. (26) - (30), we obtain 
where . , cos , , , ,
Eq. (33) is the required dispersion relation including the effects of magnetic field, Hall currents and medium permeability on a layer of ferromagnetic fluid heated from below in porous medium in the presence of a uniform horizontal magnetic field and Hall currents. In the absence of hall current (M = 0), the dispersion relation (33) reduces to the one derived by Kumar, Singh and Lal [29] .
The case of stationary convection
When instability sets in as stationary convection, the marginal state will be characterized by 
which is identical with the expression for 1 R derived by Kumar, Singh and Lal [29] in the absence of suspended particles.
In order to investigate the effects of magnetic field, medium permeability and Hall current, we examine the behavior of 
It is clear from eq. (35) that for stationary convection the magnetic field has a stabilizing effect. Eq. (36) shows that Hall currents have a destabilizing effect. These results are in agreement with those of Sharma et.al. [25] in which the Hall effect on thermal stability of Rivlin-Ericksen fluid have been investigated. From eq. (37) fig. (4), 1 R is plotted against P for 1


M
and it is found that the medium permeability always hastens the onset of convection for all wave numbers as the Rayleigh number decreases with an increase in medium permeability parameter. In fig. (5), 1 R is plotted against x for 1 
and it depicts that the medium permeability hastens the onset of convection for small wave numbers (near x =1) as the Rayleigh number decreases with an increase in medium permeability parameter and postpones the onset of convection for higher wave numbers as the Rayleigh number increases with an increase in medium permeability parameter. From fig. (6) , it is evident that magnetization has stabilizing effect on the system. 
The case of oscillatory modes
Here, we consider the possibility of oscillatory modes, if any, on the thermal stability due to the presence of magnetic field, Hall currents and medium permeability.
Multiplying eq. (26) 
